A reliable reference dataset is required for the validation of global land cover products. Aerial photographs, high resolution satellite images, and ground truth datasets have been used to produce reference data for the validation of global land cover maps. Recently, validation methods were proposed using land cover information from the Degree Confluence Project (DCP). In this study, a method is developed to produce high-quality reference data, using the information from DCP to validate global land cover products from the International Geosphere-Biosphere Programme (IGBP) land cover class scheme. Quality level of reference data is determined by assigning each label to three interpreters and combining their common interpretations with four land cover types obtained from Google Earth views. The MODIS IGBP global land cover products' validation results indicate that the level of quality level 1 agreement is the highest of the three quality levels and accuracy decreases with the quality level.
Introduction
Global land cover products (e.g., data on global biogeochemical cycles and climate change) support the study of global environmental changes. The Global Change Observation Mission-Climate (GCOM-C1) is progressing along with the Japan Aerospace Exploration Agency (JAXA)'s activities, and the second-generation global imager (SGLI) on GCOM-C will be launched in 2016 fiscal year. SGLI covers a wide spectrum from 380 nm to 12 um with spatial resolutions from 250 m to 1 km, polarimetry, and forward/backward simultaneous observation capabilities. Global land cover products have been planned to be produced by the International Geosphere-Biosphere Programme (IGBP) class scheme with the SGLI 250m spatial resolution data to derive gross primary production (GPP) estimations. GPP estimation studies 1, 2) require highly accurate land cover products with respect to the plant functional type (PFT); the estimating error of GPP products is dependent on the accuracy of land cover products. Therefore, it is important to evaluate the accuracy of these data for each land cover class with a high-quality reference dataset.
Validation methods have been proposed to ensure the accuracy of existing global land cover maps; the results of the validation have been reported. The validation of Global Land Cover 2000 (GLC2000) 3) used both a confidence-building method based on an expert-based comparison with ancillary data and a quantitative accuracy assessment using a stratified random sampling design at high-resolution sites. The result of analyzing errors associated with the reference data, obtained with the confidence-building process, showed that label errors occur in all the classes. Furthermore, most of the errors were found in heterogeneous landscapes.
Validation of the GlobCover 4) also uses a reference dataset produced by a broad network of experts with local knowledge. The reference dataset was produced by transforming the set of classifier values for each validation point into a single legend of GlobCover using information provided by experts. The information includes dominant character of each land cover class, confidence in interpretation which is determined by the answers provided by experts. Validation results show that there was a difficult issue in confusions between croplands and grassland arisen as erroneous labeling by the experts. In addition, confusions between evergreen and deciduous forests and broadleaved and needleleaved forests were arisen either by the experts or classification algorithms.
For the validation of the MODIS IGBP 500-m global land cover products, 5, 6) probabilistically balanced stratifiedsampling designs using high-resolution satellite data were employed at a high cost. Despite the high associated cost of production, a reference dataset is variable because of global environmental changes and modifications due to human activities. Thus, to capture these changes, the frequent reinterpretation of land cover classes is required, preferably as close to the time when the satellite imagery is captured.
Recently, land cover information shared by the Degree Confluence Project (DCP) 7) was used to validate land cover products. [8] [9] DCP is a volunteer-based project that aims to collect land cover information at the point of latitude and longitude integer degree intersection in the world. Volunteers contribute to the project, and information is freely available on the DCP website (www.confluence.org). The information includes photographs of landscapes taken from the confluence point in all cardinal directions, as well as accessibility information and descriptions of the land conditions. Foody et al. 8) described the utilization of volunteered data in land cover maps, focusing on forests in West Africa. The results for forested and non-forested areas by four interpreters show that each of the kappa coefficients indicated poor agreement among the four DCP reference datasets. However, the forest cover estimate accuracy derived from statistical analyses is close to the forest cover ratio obtained from the results of Globcover products. Foody et al suggested addressing issues related to incomplete and uncertain labeling for multi-class classifications including forest types as well as other issues related to the use of volunteer-based data.
Iwao et al. 9) developed a validation method using reference data interpreted with DCP information in the land use, land use change and forestry (LULUCF) land cover class scheme, which comprises six classes: forest land, cropland, grassland, wetland, settlements, and other. By comparing the DCPderived reference data for Eurasia and four available global land cover maps with 1-km spatial resolution, agreement rates from 50% to 58% were observed. Although it is difficult to interpret at low spatial resolutions using only DCP information, the agreement rates are not considered to be low. One reason may be because the LULUCF class scheme only comprises six classes.
The IGBP class scheme is composed of 17 classes, including important vegetation classes for estimating GPP. Of these vegetation classes, five types of forest are defined. These include evergreen needleleaf forest, deciduous needleleaf forest, evergreen broadleaf forest, deciduous broadleaf forest, and mixed forest. When the topography and landscapes are poorly visible (i.e., for forests) visual interpretation using DCP photographs is difficult.
The site-based dataset for evaluating the annual change of land cover type (SACLA) was produced as a reference dataset, based on the IGBP class scheme. The SACLA uses DCP and FLUXNET 10) information and ground truth data. Each reference dataset is spatially interpreted (from 30 m to over 200 m), deriving land cover information for each site and adding spatially representative levels of information to the SACLA database. To validate global land cover maps produced using low-resolution GCOM-C1/SGLI sensor data, it is necessary to reinterpret the SACLA reference data at lower resolutions. In this study, the DCP reference data including SACLA data were reinterpreted based on the IGBP class scheme at a spatial resolution of 500 m, which is the double space scale of SGLI sensor of 250m spatial resolution.
Previous studies reported that heterogeneous sites composed of several land cover classes are often misclassified. In addition, examining after validation, it is mentioned that quality of reference dataset was also not good. Highly reliable reference dataset is necessary to judge whether the disagreement between land cover classification data and the reference data is due to misclassification or erroneous labeling of the reference data. Our study aims to produce a highly reliable reference dataset with a simple process that does not rely on the expertise of interpreters. In addition, it will be produced using volunteered DCP geographical information.
In this study, a method of determining three quality levels as the reliability level of the reference data interpreted with DCP information is proposed. Three quality levels are determined assigning each label to three interpreters and combining their common interpretations with land cover types obtained from Google Earth views. The general working assumption is that the reference data was interpreted and labeled based on an acceptable level of certainty. However, for "heterogeneous" sites that are difficult to interpret, it was assumed that the reference data is of a relatively low quality. In this study, reference dataset, which is produced using the method of determining quality level, are applied to MODIS IGBP global land cover products. Finally, a discussion about the use of DCP information to validate global land cover products is presented.
Data

Data used for interpretation
The SACLA aims to create a repository of global-scale information such as longitudes, latitudes, spatial representation labels, and visiting date Nineteen dominant and secondary classes have been distinguished based on the consideration of ground observations, land cover, photographs, coordinates, and visiting dates that are freely available online. Seventeen of the classes belong to the IGBP classification scheme, in addition to a rice-field class and a pasture class. Assigning a land cover class depends on plant features such as trees or grass, vegetation stature, leaf shape, and phenology.
In this study, SACLA reference data derived from DCP information are used. From the DCP reference data collected between January 1998 and January 2013, the SACLA data excluded points with uncertain land cover types due to the presence of snow or darkness. In total, 6753 points were selected. Out of these, to apply the proposed validation method, the analysis used 727 reference data points from 2007, which corresponded to the time when the MODIS global land cover products were acquired. To interpret the SACLA DCP data, levels of spatial representation were determined using MODIS satellite images (250 m resolution) and PALSAR images (25 m resolution); these levels included resolutions over 200 m, 30-200 m, 10-30 m, and less than10 m. There were 342 data points identified for levels greater than 200 m among the 2007 SACLA DCP reference dataset. Figure 1 shows the distribution of 727 confluences on Google Earth examined in this study.
MODIS/Aqua Surface Reflectance 8-Day L3 Global 500 m data for all bands was used to examine the seasonal changes in the vegetation classes.
Google Earth was used to validate the accuracy of the class interpretations at 500 m resolution. 
Global land cover map
Land cover type 1 (IGBP global vegetation classification scheme) of the MODIS land cover type products (MCD12Q1) in 2007 was used.
Method
Interpretation of reference data
Interpretation of reference data was conducted by two interpreters with little knowledge of botany and land cover classification algorithms. Their method of interpretation was the same as that used for the SACLA interpretation. Phenological differences between evergreen and deciduous trees, for instance, were detected based on seasonal changes to features derived from vegetation index values calculated with MODIS reflectance data. The accuracy of the classifications at 500 m resolutions was confirmed using Google Earth.
Reliable interpretations partially depend on the spatial resolution of the Google Earth validation data. This is because the class type's land cover rate is an important condition for classification in the IGBP. Additionally, although class types are identified with photographs, in the cases where the landscape is not clearly visible at a given location, if photographs are unavailable in the four directions of the confluence point and there is a lack of information on the local vegetation features in the DCP dataset, it is difficult to determine the class type. Therefore, in such cases, two interpreters can line up as many as four candidate land cover classes with variable reliability.
To determine the reliability level of the labels assigned to the IGBP classes by interpreters objectively, land cover types interpreted using only Google Earth views was used. The interpreters identify a DCP point at 500 m spatial resolution as one of four land cover types, i.e., woody land, herbaceous land, mixel or non-vegetated (hereafter simple land cover types), by cross-referencing the location with Google Earth data. The following interpretation conditions were applied to the simple land cover types: none, if the point was not covered by vegetation; woody land, if the forest cover ratio was greater than 60%; herbaceous, if the grass cover ratio was greater than 60%; and mixel, for all the other points. These four land cover types may be interpreted more correctly than IGBP classes using only Google Earth, because of simple conditions for interpretation.
Quality level of reference data
The quality level of reference data was determined using the number of agreement among labels by three interpreters, the reliability level of labeled classes assigned using four simple land cover types and the number of candidate class nominated. Table 1 shows the three levels of reliability assigned to the labeled IGBP classes: high, middle, and low. Low-level classes may indicate incorrect labeling or input errors. For example, if an interpreter labels "Forest" after interpreting a point as "Non-vegetated" at 500 m spatial resolution using Google Earth, it is assumed to have been incorrectly labeled or there was a mistake with the input. The middle class indicates a potential labeling error. For example, an interpreter may label a pixel as "non-vegetated" where the location appears barren on Google Earth but may label the same location as sparse grassland or open shrub based on DCP photographs.
It is not easy to precisely locate a target pixel by visual interpretation at 500 m spatial resolution because there are geometric errors between the Google Earth and satellite data, which require geometric corrections. The simple land cover types refer to a visual interpretation of the land cover situation, centered at the DCP point with a radius of 500 m. In the IGBP definition, the forest-cover ratio threshold for assigning an area as "Forest" is 60%. If a DCP point is not within a sizable forested area, a pixel of the DCP point may probably be a mixed pixel combining more than one class (i.e., heterogeneous site). Therefore, in this study, "Mixel" forest classes should be excluded from the subset of interpreted data considered to be highly reliable reference data. The conditions of the three quality levels are defined as follows: Quality level 1: the three labels agreed upon by three interpreters, SACLA and two interpreters, as well as IGBP 
Results and Discussion
Agreement among SACLA and two interpreters
To compare the interpretation agreement between SACLA and the two interpreters, rice-field and pasture classes in the SACLA schema were regarded as cropland and grassland, respectively. Table 2 shows the percentage distribution of forests, open shrub, grassland, cropland, natural mosaic, and other classes recognized by SACLA and the two interpreters (V1, V2). By examining the interpreted reference data by IGBP classification, grassland and cropland were recognized more often than the other classes by SACLA and the two interpreters. The observations were valid for all data with a spatial resolution greater than 200 m (hereafter >200 m). The number of points identified as one of five forest classes at spatial resolutions >200 m is only 18, which is very small compared with the total number of forest points (i.e., 214 points). This may be due to poor forest landscape visibility with many DCP data points. The number of points assigned to the deciduous needleleaf forest class is only two, and the number of points assigned to other forest classes is about the same. The IGBP class points, which are included in "others," are fewer than 4%. Table 3 shows the kappa coefficients of the agreements between SACLA and the two interpreters on candidate class-1 for all the data and for the data with a spatial representation of >200 m, respectively. There is moderate agreement between SACLA and each interpreter separately, both for the entire dataset and for the >200 m resolution data. The agreement between the two interpreters ranged from good to fair for data at >200 m. For the five forest types for all the data, agreement between SACLA and each interpreter separately ranged from good to fair (kappa coefficient = 0.668, 0.696), and agreement between the two interpreters also ranged from good to fair (kappa coefficient = 0.782). Cropland corresponds to 34% of the points, whereas 23% is labeled as grassland by all three parties. These two labels represent the highest levels of agreement between the three interpreters. Based on the kappa coefficients, SACLA and the two interpreters appear to apply the same rules for data interpretation. 
Reliability of labels based on simple land cover types
There is moderate agreement between the two interpreters on assigning the four simple land cover types (kappa coefficient = 0.549). Table 4 shows the reliability of the two interpreters' assigned labels on simple land cover types, based on the IGBP's definition of reliability levels ( Table 1 ). The DCP points were assigned to high-reliability classes with a 65% and 80%, respectively, whereas low-reliability classes are assigned at 3% and 8% of the cases, respectively.
There are 32 low-reliability IGBP class points among those labeled herbaceous land by V2; 84% of them are barren. These DCP points are located on areas where Google Earth images were not available due to low resolution. SACLA and V1 labeled the points as grassland or open shrub, and the corresponding DCP photographs indicated grass or shrubs. This may mean that the low reliability, determined by V2, was due to an erroneous interpretation of the simple land cover type. Both interpreters assigned many points to the mixel class and it was considered to have medium reliability. In particular, V1 labeled many points as mixel (196 points), 62% of which are, in fact, open shrub, grassland or cropland. Although the number of these IGBP class is as large as that provided by the other interpreters, the number of mixel-labeled points is relatively large. Examining the Google Earth images, the land cover of these points is a mixture of trees, grasses, and shrubs, where the tree-cover ratio ranges from 20% to 40% within a 500 m pixel. The other interpreters labeled many of the same DCP points as open shrub. This indicates that tree-cover ratio of the mixel class was interpreted by V1 to have higher points than the other interpreters. This means that a large number of V1 medium reliability assignments was likely due to erroneous labeling of simple land cover types. Although there were some incorrect interpretations of the simple land cover types, the IGBP classes' interpretations by the two interpreters were considered to be highly reliable.
Comparison of results between the MODIS IGBP land cover products and reference data with quality level
There is a low level of agreement between 727 SACLA original reference data points and the MODIS IGBP global land cover products. The overall accuracy is 39% and the kappa coefficient is 0.309 for a pixel corresponding to the position of the DCP point (hereafter One-pixel). For nine pixels corresponding to a single DCP point and the eight surrounding pixels (hereafter Nine-pixels), the overall accuracy is 51% and the kappa coefficient is 0.442. Table 5 presents the validation results of the MODIS IGBP global land cover products, with the reference datasets selected based on three quality-level conditions (section 3) as well as the number of quality-level reference data. One-pixel columns show the overall accuracy and the kappa coefficients for One-pixels. Nine-pixels columns display the result of Nine-pixels. Both the overall accuracy and kappa coefficients of quality level 1 are the highest of the three quality-level reference datasets. Accuracy decreases with the quality level. Therefore, the corresponding validation results are expected to have low accuracy if low reliability reference data were used. The highest number of Nine-points with high levels of agreement among the IGBP classes in quality level 1 was cropland (55%), followed by evergreen needleleaf forest (12%) and grassland (11%). The highest levels of agreement for quality level 2 data was grassland (33%), followed by cropland (30%) and mixed forest (13%). At quality level 3, the highest levels of agreement were assigned to open shrub (32%). The reference data for open shrub was excluded from quality level 1 and 2, due to V1's misinterpretation of the simple land cover type. If there were fewer instances of misinterpretations, the number of points belonging to open shrub in quality level 1 would be high. Although the number of cropland references is about the same as those for grassland (Table 2) , the number of cropland points included in the higher-quality category is larger, compared with the number of points assigned to the grassland class. This is because the cropland cover is more clearly observable than open shrub and grassland in Google Earth images.
Previous studies have shown that there are many instances of erroneous interpretations in cases of heterogeneous landscapes. In this study, heterogeneous sites were labeled as mixel land covers. While there were about 90 points labeled as mixel, based on highly reliable interpretations (in Table 4 ), whereas no reference data satisfied the quality level 1 condition. There were 11 highly reliable points in the quality level 2 reference dataset and half of them were validated with MODIS IGBP global land cover data.
Availability of DCP information for validation of global land cover products
The DCP data is collected from a uniform spatial and temporal spread of potential sampling points. The DCP ultimately incorporates sampling points at random from every country and continent across the world. In addition, the time gap between satellite observations and identification may be filled by recording the visiting date for the DCP points. The SACLA database includes the year when the visit occurred and a spatial representation label. This is useful information that can be used to confirm the quality of the reference data for land cover maps at various scales.
Thus, while the DCP information is beneficial for the effective production of reference data, it is possible for the reference dataset to include a lot of erroneous labels, since it uses limited DCP information. Regardless of the interpreters' level of the expertise and the material's type: aerial photographs and high spatial resolution satellite images, it is difficult to correctly interpret with the aid of low spatial resolution global land cover products. The quality levels proposed in this study could be used to estimate the reference data's quality. In addition, the reason of erroneous labeling could be found through examining the reliability of labels based on simple land cover types.
The main goal is to produce an IGBP reference dataset based on PFT for GPP estimation studies. Furthermore, it is important to confirm the accuracy of the five forest classes within global land cover map. It is difficult to produce highly reliable reference data for the five more specific IGBP forest classes, since there is little information about the associated tree species in the DCP data. Considering that DCP data provides limited information about detailed land cover vegetation, additional open access resources from websites with detailed geographic and vegetation information is still required.
Conclusions
In this study, a simple method to produce highly reliable reference data based on defined quality levels was produced for the IGBP land cover classification scheme using DCP information. Three quality levels of reference data were determined from the number of agreements between the interpreters' labels for four simple land cover types. Simple land cover types can also help determine the causes of the interpreters' labeling errors. This was evaluated by examining the agreement between simple land cover types and IGBP classes.
The MODIS IGBP global land cover products' validation results were compared with the reference dataset at three quality levels. From these results, quality level 1 was observed to have the highest levels of agreement among the three defined quality levels. In addition, the validation results with low accuracy rates coincided with low quality reference data. The quality levels can help determine whether each instance of error is due to misclassification or if the reference data was incorrectly labeled. Unlike previous validation methods, which required significant time and effort to produce reference datasets, the acquisition of volunteer-based reference data demonstrates great potential. However, the DCP includes limited useful vegetation information to produce a complete reference dataset based on PFT with five specialized forest classes. GPP estimation studies 1, 2) use the FLUXNET 10) database. FLUXNET contains information about tower locations and site characteristics. Thus, we can expect more comprehensive and detailed vegetation information from this resource that can be used to produce a more accurate reference dataset. In our next study, we will examine the availability and applicability of FLUXNET information to produce reference data with higher levels of reliability.
Recently, open web projects 11, 12) that collect land cover information from volunteer activities have been launched. Useful and detailed vegetation information is also expected to be available from these sites for scientific purposes.
